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Abstract. 	The	introduction	of	exogenous	molecules	into	embryos	is	required	for	analyses	of	molecular	dynamics	and	specific	
gene	functions	during	early	embryonic	development.	Electroporation	is	an	effective	method	to	transport	exogenous	molecules	
into cells, but is rarely used in bovine embryos. First, we evaluated the viability of in vivo-derived bovine blastocysts after 
electroporation	with	fluorescein	(FAM)	labeled-oligonucleotides	with	varying	pulse	numbers	(3,	5,	7,	and	10),	while	keeping	
the	pulse	duration	at	1	msec	and	the	electric	field	of	20	V/mm.	Next,	we	examined	the	effects	of	zona	pellucida	status	on	
blastocyst quality after electroporation, by comparing the average diameter of blastocysts before and after electroporation using 
blastocysts	with	intact	zona	pellucida	and	hatching/hatched	blastocysts.	Electroporation	successfully	introduced	exogenous	
molecules into in vivo-derived	bovine	blastocysts	without	loss	of	viability.	Moreover,	the	status	of	the	zona	pellucida	may	be	
associated with the quality of blastocysts after electroporation.
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genes in in vitro-developed blastocysts have been studied but sug-
gested	to	be	different	from	those	in	in vivo-derived	blastocysts	[3].	
Observing in vivo-derived embryos is required to understand the 








exogenous molecules into embryos. However, microinjection requires 
expensive equipment and sophisticated techniques, and the direct 












In this study, we evaluated the viability of in-vivo derived bovine 
blastocysts	after	electroporation	under	different	electrical	conditions.	
We	used	fluorescein	(FAM)	labeled-oligonucleotides	to	confirm	the	
successful introduction of molecules. Furthermore, we examined the 
effects	of	zona	pellucida	status	on	the	quality	of	blastocysts	after	
electroporation by comparing the diameters of blastocysts before 
and after electroporation.





viability was assessed microscopically by observation of blastocoel 
re-expansion.	All	blastocysts	shrank	immediately	after	electroporation	
in each experimental group but re-expanded after incubation for 
24	h	(Fig.	1).	The	fluorescence	from	the	introduced	FAM	labeled-
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These results indicate that in vivo-derived bovine blastocysts may 
be able to tolerate severe electroporation conditions comparable to 
the	optimal	electroporation	conditions	for	mouse	zygotes.	However,	
we previously demonstrated that the resistance to electroporation of 
1-cell	in vitro-derived	zygotes	in	pigs	was	lower	than	that	in	mice	
[15].	The	resistance	to	electroporation	is	presumed	to	be	different	






among	animal	species.	Moreover,	in vivo-derived embryos have 
morphological	differences	with	in vitro-produced	embryos	[17].	It	
has been reported that in vitro-produced embryos are more adversely 
affected	by	chilling	than	in vivo-derived	embryos	[17].	The	sensitivity	
to	cooling	and	freezing	is	presumed	to	be	related	to	the	relatively	
higher lipid content often observed in in vitro-produced embryos 
[17,	18].	These	factors	may	affect	the	resistance	to	electroporation.
Electrofusion of two-cell stage embryos has been reported 
to	be	effective	for	the	production	of	tetraploid	blastocysts	[19].	
Electroporation of bovine embryos after the two-cell stage has the 
possibility to cause cell fusion. In this study, we did not evaluate cell 






electrofusion also have not been investigated well. The possibility 
of electrofusion of two-cell- to blastocyst stage-embryos producing 
zygotes/embryos	during	electroporation	with	multiple	pulses	with	
long duration and low voltage requires further investigation.
In	this	study,	the	introduction	of	FAM	labeled-oligonucleotide	




the unidirectional electric pulse used in this study, since a bidirec-
tional electric pulse for electroporation is presumed to improve the 
introduction of exogenous molecules. However, further studies are 
required	because	we	previously	found	that	the	bipolar	pulse	affects	
blastocyst formation in porcine in vitro-fertilized	zygotes	[22].	
Recently,	the	introduction	of	siRNA	into	8–16-cell	stage	bovine	





The optimal electroporation conditions for introducing exogenous 
molecules	into	cells	are	specific	to	cell	type	[24].	However,	to	our	
knowledge,	optimal	electroporation	conditions	for	cells	composing	
blastocysts, cells of inner cell mass and trophectoderm, have not 
been investigated. Therefore, further investigations are required.
Next,	we	demonstrated	that	the	blastocysts	with	intact	zona	
pellucida	were	expanded	24	h	after	electroporation,	of	which	the	
average diameter was comparable to that before electroporation. 
On	the	other	hand,	the	hatching/hatched	blastocysts	were	shrunk	












pellucida, the more easily a macromolecule can be introduced into 






of various developmental stages after electroporation has not been 
investigated	in	cows.	All	these	factors	should	be	considered	in	order	
to maintain the viability of embryos after electroporation procedures.
In conclusion, electroporation successfully introduced exogenous 
molecules into in vivo-derived bovine blastocysts without loss of 
viability.	Moreover,	we	demonstrated	that	the	status	of	the	zona	
pellucida may be associated with the quality of blastocysts after 
electroporation in in vivo-derived bovine blastocysts. To date, there 
are few studies of electroporation of blastocysts in domestic animals. 
Additional	studies	are	warranted	to	identify	the	factors	that	affect	


































































The diameters of blastocyst before and after electroporation were 
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